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(54) GLUCOSE-CONTAINING PREPARATION 

(57) A neutral glucose-containing preparation hav- 
ing a pH value close to that of physiological saline and 
being excellent in stability, which is a transfusion prepa- 
ration wherein the formation of glucose decomposition 
products as the by-product is suppressed and the con- 
tent of formic acid is minimized. More particularly, a glu- 
cose-containing preparation composed of a solution 1 
and a solution 2 packed separately, wherein: (a) the 
solution 1 contains 2 to 50 % of glucose and has a pH 
value regulated to 3 to 5 by an organic acid-based 
buffer; (b) the solution 2 contains an alkalifying agent 
and has a pH value 8 to 13 as a pH regulating solution 
for the above solution 1 ; and (c) the preparation solution 
obtained by mixing the solution 1 with the solution 2 has 
a glucose concentration of 1 to 1 5 % and a pH value fall- 
ing within a range of from 6 to 8. It is used, in particular, 
as peritoneal perfusates typified by one employed in 
CAPD (continuous ambulatory peritoneal dialysis). 
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Description 

Technical Field 

5 [0001] The present invention relates to a glucose-containing preparation, and more specifically, it relates to a neu- 
tral glucose-containing preparation with a near physiological pH, and particularly to preparations for peritoneal per- 
fusion, including perfusates for Continuous Ambulatory Peritoneal Dialysis (CAPD). 

Background Art 

10 

[0002] Peritoneal perfusates, represented by CAPD perfusates, are perfusates used for dialysis that is carried out 
in renal failure patients that have lost kidney function, for excretion of wastes through the peritoneum and for mainte- 
nance of the balance of a various body fluid components- Such perfusates contain electrolyte components such as 
sodium chloride, calcium chloride, magnesium chloride and the like and salts of lactic acid, acetic acid, carbonic acid, 
15 bicarbonic acid, citric acid, pyruvic acid and the like as alkalizing agents, while containing glucose as an osmotic sub- 
stance to ensure ultrafiltration of the perfusate. 

[0003] Incidentally, transfusion preparations containing glucose as an osmotic substance are associated with a 
number of pharmaceutical problems. For example, when a glucose-containing aqueous solution from neutral to basic 
pH is heated, the glucose in the aqueous solution is thermally denatured, causing caramelization and further promoting 

20 degradation of the glucose itself. 

[0004] On the other hand, the pH of transfusion perfusate preparations must be a nearly physiological pH, i.e. a pH 
from neutral to basic. Formulation and heat sterilization of glucose-containing perfusate preparations prepared with 
such pH values promotes degradation of the glucose in the preparations and is undesirable in terms of stability of the 
perfusate preparations. These same problems are also inherent in preparations containing glucose polymers such as 

25 polyglycol. 

[0005] In order to overcome these problems there have been proposed perfusates with a near physiological pH, 
prepared by using two different packages as perfusate preparations, one package filled with a glucose-containing aque- 
ous solution under specific conditions and the other package filled with an aqueous solution of electrolyte components 
and the like, and these are heat sterilized and then mixed together at the time of use. 
30 [0006] For example, in Japanese Patent Application Laid-open No. 3-195561 there is disclosed a glucose-contain- 
ing solution for various transfusions, peritoneal dialysis fluids or blood preservation solutions, wherein a first solution 
containing glucose and a second solution containing a component that promotes thermal degradation of glucose are 
housed separately from each other and steam sterilized. 

[0007] In Japanese Patent Public Inspection No. 7-500992 there is disclosed a separately packaged and sterilized 
35 peritoneal perfusate preparation, comprising a small aqueous amount of an aqueous solution containing glucose at a 
high concentration, and a glucose-free solution containing a large liquid amount of a salt or the like. 
[0008] The glucose-containing perfusate preparations provided by these publications are either based on the con- 
cept of separating the thermal degradation-promoting components from the glucose solution during heat sterilization of 
the glucose-containing aqueous solution to avoid thermal degradation of the glucose, and filling them into a separate 
40 solution to avoid degradation of the glucose (Japanese Patent Application Laid-open No. 3-195561), or attempt to 
inhibit production of glucose degradation products by using a glucose-containing aqueous solution in a small liquid 
amount and at high concentration (Japanese Patent Public Inspection No. 7-500992). 

[0009] However, since the separately housed glucose-containing aqueous solutions in the perfusate preparations 
provided by these publications have high pH values, it still cannot be said that they are satisfactory in terms of stability. 
45 That is, long-term storage presents the problem of gradual degradation of the glucose contained in the aqueous solu- 
tion, shifting the glucose-containing aqueous solution to its stable pH range of 3-5, and causing the fluid property of the 
solution itself to undergo alteration toward the acidic end. Consequently, preparations that exhibit altered fluid proper- 
ties with storage cannot be considered desirable products from the standpoint of stability. 

[001 0] In order to overcome these problems there has recently been proposed a solution set for formulation of peri- 
so toneal dialysis fluids (Japanese Patent Application Laid-open No. 8-1 31 542) that comprises an aqueous solution at pH 
4-5 containing glucose and containing no lactic acid ion, as a first solution, with a second solution containing sodium 
lactate, wherein after mixing the first and second solutions the glucose concentration of the solution is 5-50 g/L, and the 
pH is adjusted to be in the range of 6-7.3, and the volume ratio of the first and second solutions is 5:5-9:1 . 
[001 1] The solution set described in this publication is characterized in that the glucose and the lactic acid ion are 
55 filled separately so that the lactic acid ion is not present with the glucose to be sterilized, in order to avoid promoting 
glucose degradation by lactic acid ion during the heat sterilization, while the pH is also low, and in that the volume ratio 
of the glucose-containing solution and the glucose-free solution, i.e. the volume of the glucose-containing solution, is 
increased. This solution set gives peritoneal dialysis fluids at near physiological pH even when the mixture is carried out 
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after heat sterilization. 

[001 2] However, while the first solution in the solution set proposed by this publication is a glucose-containing aque- 
ous solution with a pH in the acidic range (pH 4-5) in order to avoid thermal degradation of the glucose by heat sterili- 
zation, it cannot be said that degradation of the glucose in the first solution is completely prevented, and the result is 

5 therefore still unsatisfactory. 

[0013] Incidentally, it is known that glucose-containing aqueous solutions in a pH range of neutral to basic have a 
poor stability since the glucose gradually undergoes degradation by heat or long-term storage, producing such degra- 
dation products as 5-hydroxymethylfurfuranol (5-HMF) and formic acid. In particular, formic acid which has a rather high 
acidity causes the fluid property of the solution itself to shift toward the stable acidic range of pH 3-5 with accumulating 

10 degradation products. Its toxicity is also a problem to be dealt with. 

[0014] It has therefore been strongly desired to develop a pharmaceutical^ stable glucose-containing transfusion 
preparation that minimizes this degradation of glucose, and particularly the by-production of formic acid under long- 
term storage conditions. 

15 Disclosure of the Invention 

[001 5] It is an object of the present invention to overcome the aforementioned problems by providing a transfusion 
preparation that allows greater stabilization of glucose-containing aqueous solutions, and particularly a transfusion 
preparation with minimal by-products of glucose degradation and extremely low formic acid contents in neutral glucose- 
20 containing preparations at near physiological pH. 

[001 6] It is a related object of the present invention to provide a glucose-containing transfusion preparation for use 
as a peritoneal perfusate, such as a perfusate for Continuous Ambulatory Peritoneal Dialysis (CAPD). 
[0017] As the means therefor, the present invention provides a glucose-containing preparation comprising sepa- 
rately housed first and second solutions, the first and second solutions satisfying the following conditions: 

25 

(a) the first solution contains 2-50% glucose, and its pH is adjusted to 3-5 with an organic acid buffer solution; 

(b) the second solution contains an alkalizing agent, and has a pH value of 8-13 as a pH adjustor for the first solu- 
tion; and 

(c) the glucose concentration is 1 -15% in the preparation solution that is obtained by mixing the first solution and 
30 second solution, and the pH of the solution is in a range of 6-8. 

[001 8] According to a concrete embodiment of the invention, the organic acid buffer solution of the glucose-contain- 
ing first solution in the glucose-containing preparation is a lactic acid buffer solution, acetic acid buffer solution, citric 
acid buffer solution or pyruvic acid buffer solution, and specifically, in the case of a lactic acid buffer solution the buffer 

35 solution contains sodium lactate and lactic acid, in the case of an acetic acid buffer solution the buffer solution contains 
sodium acetate and acetic acid, in the case of a citric acid buffer solution the buffer solution contains sodium citrate and 
citric acid, and in the case of a pyruvic acid buffer solution the buffer solution contains sodium pyruvate and pyruvic acid. 
[001 9] As a more concrete embodiment, the alkalizing agent in the second solution of the present invention is a salt 
of lactic acid, acetic acid, carbonic acid, bicarbonic acid, citric acid or pyruvic acid. 

40 [0020] The present invention is also a glucose-containing preparation wherein the adjusting solution with a pH of 8- 
1 3 as the second solution is a sodium hydroxide aqueous solution, a sodium bicarbonate aqueous solution or a sodium 
carbonate aqueous solution. 

[0021 ] As yet a further concrete embodiment of the glucose-containing preparation of the present invention, one or 
more electrolyte components from among chlorides such as sodium chloride, zinc chloride, magnesium chloride and 
45 potassium chloride, carbonic acid, and organic acid salts such as acetic acid, lactic acid and gluconic acid salts, is com- 
pounded with either or both the aforementioned first solution and second solution. 

[0022] As a result of diligent research by the present inventors, it is newly discovered that the production of degra- 
dation products such as 5-HMF and formic acid by thermal degradation of glucose itself under heat sterilization or long- 
term storage conditions is suppressed in an aqueous solution, which has been adjusted to the stable acidic pH range 
so of 3-5 with an organic acid buffer solution, containing glucose at a high concentration, and that the formic acid content 
thereof decreases with time. 

[0023] Furthermore, as will be shown by the results of test examples provided below, the first solution containing a 
high concentration of glucose in the glucose-containing preparation of the present invention includes a buffer solution 
of an organic acid such as lactic acid which adjusts the pH of the solution and buffers the solution itself, thus inhibiting 
55 production of formic acid while also decreasing with time the content of the formic acid by-product, whereas the formic 
acid content of a non-pH adjusted glucose-containing aqueous solution increases with time. 
[0024] Thus, while a glucose-containing aqueous solution with a non-adjusted pH exhibits progressive degradation 
of glucose in the solution and an increased formic acid content, which lowers the pH of the solution, the glucose-con- 
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taining aqueous solution of the present invention has the pH of the solution adjusted with an organic acid buffer solution, 
and therefore exhibits no pH reduction and has a lower formic acid content. 

[0025] Furthermore, investigation by the present inventors has confirmed that when such a glucose-containing 
aqueous solution is mixed with a pH-adjusting solution containing electrolyte components to make a neutral glucose- 
s containing transfusion preparation with a near physiological pH, the stability is much more satisfactory than previously 
proposed transfusion preparations. 

Best Mode for Carrying Out the Invention 

10 [0026] The present invention has been completed based on these totally new investigative results, and the glucose- 
containing preparation provided by the present invention is thus partly characterized by comprising a first solution that 
contains glucose, the pH of the solution being adjusted to be in the range of 3-5 with an organic acid buffer solution. 
[0027] As organic acid buffer solutions there are preferred lactic acid buffer solutions, acetic acid buffer solutions, 
citric acid buffer solutions and pyruvic acid buffer solutions, and specifically, lactic acid buffer solutions containing 

15 sodium lactate and lactic acid, acetic acid buffer solutions containing sodium acetate and acetic acid, citric acid buffer 
solutions containing citric acid and sodium citrate, and pyruvic acid buffer solutions containing pyruvic acid and sodium 
pyruvate. Potassium salts and the like may also be used instead of organic acid sodium salts. 
[0028] These organic acid buffer solutions adjust the pH of the glucose-containing aqueous solution to a stable pH 
range of 3-5, thus making it possible to avoid by-products of degradation of the glucose itself even upon heat steriliza- 

20 tion, to provide a more excellent long-term stability than by simply housing the glucose solution and electrolyte solution 
separately. 

[0029] On the other hand, the second solution in the glucose-containing transfusion preparation provided by the 
present invention contains an alkalizing agent, and the solution has a pH value of 8-1 3 as a pH adjustor for the f irst solu- 
tion. 

25 [0030] As pH adjusters there may be mentioned sodium hydroxide, sodium bicarbonate and sodium carbonate, 
among which sodium bicarbonate and sodium carbonate are preferably used to adjust the pH to the desired value. 
[0031] As alkalizing agents there may be mentioned salts of lactic acid, acetic acid, carbonic acid, bicarbonic acid, 
citric acid and pyruvic acid, among which are preferred sodium lactate and sodium acetate, and particularly sodium lac- 
tate. 

30 [0032] The glucose-containing preparation of the present invention has the f irst solution and second solution sep- 
arately housed from each other, with a glucose concentration of 1-15% in the transfusion preparation solution actually 
obtained by mixing the first solution and second solution, and a solution pH in the range of 6-8, wherein the transfusion 
preparation is adjusted to have a total volume of about 500 to 5000 ml. 

[0033] Consequently, the glucose concentration of the glucose-containing first solution is preferably a concentration 
35 of 2-50%, and the pH of the solution with this glucose concentration is adjusted to 3-5 with an organic acid buffer solu- 
tion. 

[0034] On the other hand, while the pH of the second solution as the pH adjustor for the first solution has a value 
of 8- 1 3 , it is necessary for the solution volume of the pH adjustor with respect to the first solution volume to be such that 
the pH of the glucose-containing transfusion preparation after mixture of both is in the physiologically neutral range of 

40 6-8. Judging from the fact that the solution volume of the transfusion preparation provided by the present invention is 
normally a volume of from about 500 to 5000 ml as the total volume, it is preferred for them to be separately housed 
with the proportion of the volumes of the first solution and second solution such that the solution volume of the second 
solution is 1-9 with respect to 1 as the solution volume of the first solution, while it is particularly preferred lor them to 
be separated housed with the solution volume of the second solution at 1 -7 with respect to 1 as the solution volume of 

45 the first solution. 

[0035] For example, for a 1000 mi preparation as the transfusion preparation, the glucose-containing solution as 
the first solution is at 1 25-400 ml while the pH adjustor as the second solution is at 875-600 ml, and they are separately 
housed in such a manner as to give a total volume of 1000 ml. If a different preparation volume is desired, the solutions 
may be separately housed with solution volumes fa the first solution and second solution that are proportional to those 
so given above. 

[0036] The glucose-containing preparation comprising the first solution and second solution separately housed 
from each other, which is provided according to the invention, is a transfusion preparation such as a perfusate for 
CAPD, and therefore as a transfusion preparation it contains electrolyte components such as sodium chloride, calcium 
chloride and magnesium chloride. One or more of these electrolyte components may be combined with either or both 
55 of the first and second solutions. 

[0037] However, when combining calcium as an electrolyte component, its addition to the second solution will result 
in reaction with the component added as the pH adjustor, forming an insoluble calcium salt, and therefore it is more 
preferably added to the first solution. 
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[0038] These electrolyte components may be added to a sodium ion concentration of 1 0-160 mEq/L, a calcium ion 
concentration of 0-5 mEq/L, a magnesium ion concentration of 0-5 mEq/L. a chlorine ion concentration of 10-160 
mEq/L, a potassium ion concentration of 0-20 mEq/L and an alkalizing agent concentration of 10-60 mEq/L, in the 
transfusion preparation of the invention obtained by mixing trie first solution and second solution. 
5 [0039] The glucose-containing preparation of the present invention having this construction is preferably applied, 
among other uses, as a peritoneal perfusate for CAPD. 

[0040] Consequently, a more concrete embodiment of the present invention is a perfusate preparation for CAPD 
comprising the aforementioned first solution and second solution, wherein the first and second solutions are housed 
separately from each other, the first solution contains 2-50% glucose and has its pH adjusted to 3-5 with a lactic acid 

10 buffer solution, the second solution contains sodium lactate as an alkalizing agent and has a pH value of 8-13 as a pH 
adjustor for the first solution, the glucose concentration of the preparation solution obtained upon mixing the first and 
second solution is 1-15%, and the pH of the solution is in the range of 6-8. In this case, it is particularly preferred for the 
added electrolytes to be combined in amounts as such for Na ion concentration: 125-150 mEo/L, K ion concentration: 
0-5 mEo/L, Ca ion concentration: 0-5.0 mEq/L, Mg ion concentration: 0.5-3.0 mEq/L, chlorine ion concentration: 90-120 

75 mEq/L, alkalizing agent: 30-60 mEq/L. 

[0041 ] The glucose-containing preparation provided by the invention has the first solution and second solution sep- 
arately housed from each other, and its embodiment may take a form of a sterilized set where both are filled into two 
independent packs provided with a linking section allowing sterile linkage, or it may be a sterilized device wherein the 
first solution and second solution are each filled into separate chambers of a vessel provided with two chambers iso- 

20 lated by a heat seal or a linking channel allowing passage when a partition is broken by external manipulation. 

[0042] It will be appreciated that, so long as the preparation basically involves using a vessel well-known in the field, 
wherein two individual independent vessels are aseptically combined to make one transfusion preparation, any various 
different modifications thereof are possible without any restriction to the types described above. 

25 Examples 

[0043] The features of the glucose-containing preparation of the present invention will now be explained in further 
detail by way of the following concrete test examples and examples. 

30 1 . Test Example 1 : Stability test for glucose-co ntaining first solution 

[0044] A 10% aqueous glucose solution was used, and the pH of the solution was adjusted to about 4.5 with 0.3 
mEq/L sodium lactate and 0.4 mEq/L lactic acid. A non-pH-adjusted 10% aqueous glucose solution was used as a test 
control solution, and both solutions were subjected to heat sterilization and the degradation products and pH changes 
35 of the aqueous glucose solutions were observed. 

[0045] As degradation products from glucose, the 5-HMF product was measured by HPLC at a detection wave- 
length of 284 nm, while the formic acid product was measured by HPLC at a detection wavelength of 210 nm. 
[0046] The pH changes and changes in degradation products are shown in Table 1 . 

40 

Table 1 



Stability test results 




Glucose-containing first 
solution of the invention 


Non-adjusted glucose- 
containing aqueous solu- 
tion 


pH value before heat sterilization 


4.5 


5.94 


pH value after heat sterilization 


4.43 


4.60 


5-HMF 


3.73ppm 


4.31 ppm ! 


Formic acid 


0.018w/v% 


0.021w/v% 



[0047] As clearly shown by the results in this table, the glucose-containing aqueous solution as the first solution of 
55 the invention exhibited no change from the pH of 4.5 at the first stage, due to the sodium lactate (0.3 mEo/L) and lactic 
acid (0.4 mEq/L) as lactic acid buffer solutions, thus allowing suppressed production of 5-HMF, while the production of 
formic acid in the first stage of the degradation product was also suppressed. 
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2. Test Example 2: Preparation of first solution and second solution, and mixing test 

[0048] Aqueous solutions of glucose at 6%, 10% and 16% as first solutions were prepared with pH values in the 
range of 3-5 with lactic acid buffer solutions (sodium lactate/lactic acid), according to the formulations listed in Table 2. 
s [0049] As the second solutions, there were j>repared the second solutions listed in Table 2 as pH-adjusting solu- 
tions for the first solution, having pH from 8- 1?ind /containing sodium lactate in an amount giving the prescribed total 
concentration of 40 mEq/L upon mixing. "^^^ : : ^ 

[0050] As electrolyte components, sodium chloride and calcium chloride were added to the second solutions in pre- 
scribed amounts, while the test was conducted with and without addition of calcium chloride in prescribed amounts to 
10 the first solution. 



table 2: Results for preparation of fir^$; solution /preparation of 
is second solution, and mixing test (transfusion preparations) 



20 



25 



30 



35 



Solution ratio 
( first solution : 


Pirst solution (glucose- containing 
aqueous solution) 


Second solution ( pH 
adjusting solution) 


First solution + 
second solution 


second solution) 


Glucose 


Organic 


acid 




pH adjuster 




( transfusion 




concantxat ion 
<%) 


buffer solution 
(mEq/L ) 




(mEq/L) 


PH 


preparation) 

pa 






Na 

lactate 


Lactic 
acid 




Na 7 CO] 


NaBCO, 








6 


0.3 


1.0 


3.70 






9.62 


7.21 








0.9 


3.74 






9.72 


7.37 




10 


0.3 


1.0 


3.66 






9.62 


7.22 








0.9 


3.72 






9.71 


7.33 






0.2 ! 


0.7 


3.75 






9.63 


8.15 


1:3 






1.0 


3.60 


0.3 




9.63 


7.15 




16 




0.7 


3. 76 






9.64 


8.12 






0.3 


1.0 


3. 65 






9.63 


7.15 








1.0 


3.65 






9.63 


7.21 








0.9 


3.69 






9.72 


7.28 










3.56 




1.0 


8.32 


6.81 










3.56 




2.0 


8.62 


7.21 


1.3 


16 


0.3 


0.6 


3.56 




3.0 


8.73 


7.53 










3.58 




2.5 


8.66 


7.34 










3.57 




3.0 


8.54 


7.36 








0.6 


3.83 




3.8 


8.41 


7.30 








0.6 


3.72 




3.8 


8. 42 


7.18 


2:3 


16 


0.3 


1.0 


3.63 




3.8 


8.42 


7.05 








0.4 


3.83 




4.0 


8.53 


7.39 








0.8 


3.72 




4.0 


8.50 


7.25 



40 [0051 ] The first solutions and second solutions obtained by preparation according to these formulations were used 
and combined together, with the first solution at 500 ml and the second solution at 1500 ml (first solution:second solu- 
tion volume ratio = 1 :3), to prepare a transfusion preparation with a total volume of 2000 ml, and the changes in the pH 
value were observed. 

[0052] They were also combined with the first solution at 800 ml and the second solution at 1200 ml (first solu- 
45 tion:second solution volume ratio = 2:3), to prepare a transfusion preparation with a total volume of 2000 ml, and the 
changes in the pH value were observed. 

[0053] The results are shown in Table 2 as the pH values tor first solution + second solution. 
[0054] As clearly shown by the results in this table, the glucose-containing transfusion preparations of the invention 
obtained by mixing the first solutions and second solutions had pH values adjusted to near 7, which is a physiologically 
so neutral range, and the stability of the transfusion preparations was also very satisfactory. 

3. Test Example 3: Titrable acidity test on first solution (glucose-containing aqueous solution) 

[0055] Samples were prepared using a 10% aqueous solution of glucose as the first solution of the invention, with 
55 the pH adjusted to be in the range of 3-5 by adding a lactic acid buffer solution or acetic acid buffer solution to the aque- 
ous solution as an organic acid buffer solution. 
[0056] The following samples were prepared for use as the samples. 
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Sample No.1: 1.0 mEq/L sodium lactate and 0.3 mEq/L lactic acid: pH 4.38 
Sample No.2: 0.3 mEq/L sodium lactate and 1 .0 mEq/L lactic acid: pH 3.62 
Sample No.3: 1 .0 mEq/L sodium acetate and 0.3 mEq/L acetic acid: pH 5.03 
Sample No. 4: 0.3 mEq/L sodium acetate and 1 .0 mEq/L acetic acid: pH 4.22 

5 

[0057] Using 100 ml of each sample, titration was performed with an aqueous solution of 0.1 N sodium hydroxide 
(100 mEq/L), and the trtrant at the point where the pH of the sample solution reached 7.4 was measured with an auto- 
matic titrator. The titrating solutions for each of the sample solutions were the following. 

w Sample No. Final dH value/0.1 N sodiu m hydroxide aqueous solution 

[0058] 

Sample No.1: pH 7.55/0.032mEq (0.32ml/100ml) 
is Sample No.2: pH 7.41/0.087mEq (0.87ml/100ml) 
Sample No.3: pH 7.51/0.045mEq (0.45ml/100ml) 
Sample No. 4: pH 7.39/0. 104mEq (1.04ml/100ml) 

[0059] As clearly shown by these results, the glucose-containing aqueous solutions as the first solution of the 
20 invention had their pH values adjusted to 3-5 with a lactic acid buffer solution or acetic acid buffer solution as the organic 
acid buffer solution, but the pH values of these solutions could still be easily adjusted, judging from the titrable acidity. 
In particular, it is seen that when the first solution is used at 100 ml, the titration amount required to bring the pH to 7.4 
with the 0.1, N sodium hydroxide aqueous solution is preferably no greater than 2 ml. 

25 4. Test Example 4: Changes in formic acid content in first solution (qlucose-containino aq u eous solution) upon long- 
term storage at high temperature (1) 

[0060] Using a 1 0% glucose-containing aqueous solution as the first solution of the invention, the pH of the solution 
was adjusted to about 3.5 with 0.3 mEq/L of sodium lactate and 0.8 mEq/L of lactic acid. As a control solution there was 
30 used a non-pH-adjusted 1 0% glucose-containing aqueous solution. Both of these were stored for 3 weeks in a chamber 
under condrtions of 60°C temperature, 30% humidity, and the change in the content of the formic acid degradation prod- 
uct in the solution with time was observed after 1 week, 2 weeks and 3 weeks. 
[0061 ] The formic acid was assayed by HPLC at a detection wavelength of 21 0 nm. 
[0062] The results are shown in Table 3. 

35 



Table 3 



Change in formic acid content with high-temperature storage (units: ppm) 




After 1 week 


After 2 weeks 


After 3 weeks 


Glucose-containing first solution of the invention (pH-adjusted) 


19 


12 


8 


Non-pH-adjusted control solution 


22 


27 


33 



45 [0063] As clearly shown by the results in this table, the glucose-containing first solution of the invention exhibited a 
decrease in the formic acid degradation product of glucose with time, resulting from adjustment of the aqueous solution 
pH with the lactic acid buffer solution. In contrast, the non-pH-adjusted glucose-containing solution used as the control 
solution exhibited an increase in formic acid content with time. 

so 5. Test Example 5: Changes in formic a cid content in first solution (glucose-containing aqueous solution) upon long- 
term storage at high temperature (?) 

[0064] Using a 7.72% glucose-containing aqueous solution as the first solution of the invention, the pH of the solu- 
tion was adjusted to about 4.1 1 with 0.3 mEq/L of sodium lactate and 0.3 mEq/L of lactic acid. The solution was then 
55 stored in a chamber under conditions of 60°C temperature and 30% humidity, and after 1 , 2. 3, 4 and 6 weeks, the 
change in the content of the formic acid degradation product in the glucose-containing aqueous solution with time was 
measured in the same manner as Test Example 4 and observed. 
[0065] The results are shown in Table 4. 
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Table 4 



Change in formic acid content with high-temperature storage (units: ppm) 




Immediately 
after prepara- 
tion 


After 1 week 


After 2 weeks 


After 3 weeks 


After 4 weeks 


After 6 weeks 


Formic acid 


74 


30 


25 


21 


15 


15 



10 



[0066] As clearly shown by the results in this table, the glucose-containing first solution of the invention in this test 

example also exhibited a decrease in the content of the formic acid degradation product of glucose with time. 

[0067] Judging from the results of the test examples given above, the gfucose-containing first solutions in the glu- 

15 cose-containing preparations provided by the present invention, which contained an organic acid such as lactic acid to 
adjust the pH of the aqueous solutions for buffering, exhibited decreased formic acid contents with time, whereas the 
non-pH-adjusted glucose-containing aqueous solutions instead exhibited an increase in formic acid content with time. 
[0068J In other words, the mechanism working in the glucose-containing aqueous solutions that remained without 
pH adjustment was progressive degradation of the glucose in the aqueous solutions, which resulted in increased formic 

20 acid contents and lowered the pH values of the solutions to stabilized ranges. 

[0069] In contrast, with the glucose-containing aqueous solutions of the present invention, it is believed that the use 
of the organic acid buffering agents provided buffers in the solutions, while also pre-adjusting the pH values of the solu- 
tions to the stable range of 3-5, so that no further pH reduction was observed and the formic acid contents thus 
decreased with time. 

25 

Preparation examples 

[0070] As first solutions, there were prepared 500 ml glucose-containing aqueous solutions containing glucose at 
6%, 1 0% and 1 6%, with 1 .028 g of calcium chloride added thereto, and with the pH adjusted to 3-5 with lactic acid and 
30 sodium lactate. 

[0071 ] As second solutions, there were prepared 1 500 ml aqueous solutions to which there were added 1 1 .95 g of 
sodium lactate, 0.68 g of magnesium chloride and 7. 1 7 g of sodium chloride, with the pH adjusted to 8-1 3 with sodium 
carbonate or sodium bicarbonate. 

[0072] These first and second solutions obtained above were separated independently from each other, housed in 
35 publicly known vessels with a linking section allowing aseptic linkage between them at the time of use, and were then 
heat sterilized to obtain glucose-containing preparations according to the present invention. 

Industrial Applicability 

40 [0073] According to the present invention, as explained above, a high-concentration glucose-containing solution 
with the pH adjusted to the stable acidic range of 3-5 with an organic acid buffer solution can avoid production of deg- 
radation products by heat degradation of glucose itself, under heat sterilization conditions or long-term storage condi- 
tions. In particular, it is possible to suppress production of the glucose degradation product, formic acid, and to reduce 
with time the amount of formic acid that is already produced, thus eliminating alteration of the solution by formic acid; 

45 hence, a glucose-containing preparation with very high pharmaceutical stability is provided. 

[0074] The organic acid buffer solution used can also be appropriately selected as one having a titrable acidity that 
does not affect the pH upon mixing, and a neutral glucose-containing preparation brought to near physiological pH by 
mixture of this glucose-containing solution with an electrolyte component-containing pH adjusting solution exhibits 
highly satisfactory stability. 

so [0075] Consequently, the glucose-containing preparation of the present invention is excellent for use as a transfu^ 
sion preparation, and particularly a CAPD peritoneal perfusate preparation, and is therefore of major value in medical 
care. 

Claims 

55 

1. A glucose-containing preparation comprising separately housed first and second solutions, said first and second 
solutions satisfying the following conditions: 
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(a) the first solution contains 2-50% glucose, and its pH is adjusted to 3-5 with an organic acid buffer solution; 

(b) the second solution contains an alkalizing agent, and has a pH value of 8-13 as a pH adjuster for said first 
solution; and 

(c) the glucose concentration is 1 -15% in the preparation solution obtained by mixing the first solution and sec- 
5 ond solution, and the pH of the solution is in arange of 6-8. 

2. The glucose-containing preparation according to claim 1 , wherein the organic acid buffer solution of the first solu- 
tion is a lactic acid buffer solution, acetic acid buffer solution, citric acid buffer solution or pyruvic acid buffer solu- 
tion. 

10 

3. The glucose-containing preparation according to claim 2, wherein the lactic acid buffer solution is a buffer solution 
comprising sodium lactate and lactic acid, the acetic acid buffer solution is a buffer solution comprising sodium ace- 
tate and acetic acid, the citric acid buffer solution is a buffer solution comprising sodium citrate and citric acid, and 
the pyruvic acid buffer solution is a buffer solution comprising sodium pyruvate and pyruvic acid. 

75 

4. The glucose-containing preparation according to claim 1, wherein the alkalizing agent of the second solution is a 
salt of lactic acid, acetic acid, carbonic acid, bicarbonic acid, citric acid or pyruvic acid. 

5. A glucose-containing preparation according to claim 1 , wherein the adjusting solution with the pH of 8-1 3 in the sec- 
20 ond solution is an aqueous sodium hydroxide solution, an aqueous sodium bicarbonate solution or an aqueous 

sodium carbonate solution. 

6. The glucose-containing preparation according to any one of claims 1 to 5, wherein one or more electrolyte compo- 
nents such as sodium chloride, calcium chloride, magnesium chloride and potassium chloride are combined with 

25 either or both the first solution and second solution. 

7. The glucose-containing preparation according to any one of claims 1 to 6, which is a perfusate for Continuous 
Ambulatory Peritoneal Dialysis (CAPD). 

30 8. A perfusate preparation for CAPD comprising separately housed first and second solutions, said first and second 
solutions being such that the first solution contains 2-50% glucose and its pH is adjusted to 3-5 with a lactic acid 
buffer solution, the second solution contains sodium lactate as an alkalizing agent and has a pH value of 8-13 as a 
pH adjuster for said first solution, and the glucose concentration is 1-5% in the preparation solution obtained by 
mixing the first solution and second solution, the pH of the solution being in a range of 6-8. 

35 



40 



45 



50 



55 
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